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ABSTRACT 

Wave  and  current  measurements  were  made  across  a rough-bottomed  fore-reef  shelf  along  the  south 
coast  of  Grand  Cayman  Island.  Wave  heights  attenuated  20Z  and  current  speeds  30%  from  the  shelf 
margin  ( = 22-meter  depth)  to  a depth  o^  approximately  8 meters,  a distance  of  =0.4  km.  Strong, 
rectilinear  tidal  currents  ('v  30  cm  s ) dominated  the  deep  shelf  margin,  but  weak,  directionally 
variable  currents  were  characteristic  of  the  shallow  shelf.  Attenuation  of  wave  heights  and  current 
speeds  across  the  shelf  is  attributed  to  frictional  effects  resulting  from  strong  interactions  with 
the  unique  boundary  conditions  of  the  extremely  rough  bottom. 

A dye  experiment  illustrated  that  strong  ( = 35  cm  s on-shelf  flow  is  directed  up  the  deep 
coyal  reef  grooves  at  the  shelf  margin.  levels  of  turbulence  (turbulence  intensity  =23  cm 

s diffusion  coefficient  = 2.4  x 10  cm  s ) characterize  this  process. 

Wave  force-dominated  versus  current  force-dominated  portions  of  the  fore-reef  shelf  were  defined 
from  j_n  situ  meafurements . Variations  in  organic  communities,  growth  forms,  and  reef  structure  are 
consistent  with  these  zones 
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Introduction 

Oeneral  understanding  of  the  magnitudes  and 
spat lal-temporal  variations  of  physical  processes 
(In  partliular  waves  and  currents)  on  the  sea- 
ward shelves  of  well-developed  reefs  Is  based  on 
very  few  actual  measurements.  Recent  work  (1) 
has  shown  that  the  concept  of  tranquil  conditions 
below  the  effective  wave  base  on  fore-reef 
shelves  Is  not  well  founded.  On  the  contrary, 
the  margins  of  Island  shelves  are  commonly 
exposed  to  strong,  periodic  currents.  The  pres- 
ent paper  Is  designed  to  present  results  of 
physical  process  studies  conducted  on  the  fore- 
reef shelf  of  Grand  Cayman  Island  and  to  relate 
what  we  have  learned  about  the  physical  environ- 
ment to  the  reef  and  some  of  Its  constituents. 

Figure  1 Illustrates  the  central  Caribbean 
location  of  Grand  Cayman  Isl.and,  where  In  situ 
data  on  waves  and  currents,  as  well  as  reef  mor- 
phology, were  collected.  A site  along  the  south 
coast  was  selected  for  study  because  of  its 
well-developed  reef  morphology  on  the  fore-reef 
shelf.  Its  adequate  exposure  to  dominant  ocean 
waves,  and  Its  accessibility  from  our  docking 
facility  near  Georgetown.  As  Is  characteristic 
of  all  fore-reef  areas  around  the  Island,  the 
shelf  in  the  study  area  has  a general  stepped 
configuration  and  is  very  narrow  (=^0.6  km  wide). 
An  abrupt  break  in  slope  at  approximately  8 
meters  delineates  the  seaward  edge  of  the  shal- 
low fore-reef  terrace,  and  a second  break  in 
slope  at  approximately  20-22  meters  marks  the 


Figure  1.  Location  rutp  of  Grand  Cayman  Island 
and  the  area  of  study. 


shelf  edge  and  seaward  margin  of  the  deep  fore- 
reef terrace.  Along  the  south  coast  It  Is  com- 
mon for  the  shelf  edge  to  display  overhanging 
reef  lobes  or  a near-vertical  seaward-facing 
reef  wall.  This  seaward  reef  face  extends  to 
various  depths  (commonly  near  700-800  meters) 
where  the  deep  island  slope  is  encountered. 

Both  the  shallow  and  deep  fore-reef  terraces 
support  coral  communities  that  are  viable  but  of 
somewhat  different  composition.  The  shallow 
terrace  is  dominated  by  Acropora  palmata.  Other 
corals,  such  as  Dlplorla  strlgosa , Dlchocoenla 
stokesll , Agarlcla  agarlcltes , Porltes  astreoldes , 
and  Montastrea  annularis , are  also  common.  In 
addition,  Gorgonians  and  various  alcyonarians  are 
Important  members  of  the  community.  The  deep 
fore-reef  terrace  can  be  divided  into  two  zones 
based  on  composition  of  the  coral  communities: 

(1)  an  Acropora  cervicornls  zone  and  (2)  a 
Montastrea  annularis  zone.  Coral-covered  ridges 
extend  from  the  seaward  extent  of  the  shallow 
terrace  to  the  buttress  zone  or  shelf  margin  reef 
(2)  at  the  shelf  edge.  These  coral  spurs  are 
separated  by  sediment-floored  grooves  and  larger 
open  areas  of  sediment  accumulation.  Acropora 
cervicornls  and  Agarlcla  agarlcltes  compose  the 
dominant  coral  growth  on  the  coral  ridges, 
whereas  Montastrea  annularis , M.  cavernosa , and 
Agarlcla  are  the  most  Important  corals  of  the 
shelf  margin  reef. 

Bottom  roughness  of  both  the  shallow  and  the 
deep  terraces  Is  primarily  the  result  of  coral- 
covered  spurs  oriented  at  a high  angle  to  the 
coastline  and  separated  by  linear  areas  of  sedi- 
ment accumulation.  The  spurs  and  grooves  of  the 
shallow  terrace  generally  have  a shorter  wave- 
length and  smaller  amplitude  than  similar  features 
on  the  deep  fore-reef  terrace.  Figure  2 quanti- 
tatively Illustrates  this  relationship  In  the 
form  of  two  bottom  roughness  spectra  derived  from 
the  two  bathymetric  profiles  run  across  the  struc- 
tural grain  of  the  shelf  at  the  approximate  mid- 
points of  the  shallow  and  deep  fore-reef  terraces. 

Because  Grand  Cayman  Is  located  in  the  cen- 
tral Caribbean  region.  It  is  sheltered  by  other 
land  masses  from  strong  storm  swells  that  origi- 
nate in  high  latitudes.  Therefore,  the  trade 
wind  system  Is  the  driving  force  behind  the  wave 
regime.  The  process  climate  in  which  Grand  Cayman 
resides  can  be  characterized  as  follows:  (1)  a 
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Figure  2.  Bottom  roughness  spectra  of  the  shal- 
low and  deep  fore-reef  terraces  in  the  study 
area.  Note  the  longer  wavelengths  and  greater 
amplitude  (related  to  peak  heights)  of  the  forms 
on  the  deep  shelf  terrace. 


mixed  diurnal  and  semidiurnal  microtldal  regime, 
(2)  a moderately  strong  unidirectional  trade  wind 
and  wave  field,  (3)  moderate-strong  oceanic  cur- 
rents, (6)  a sheltered  position  with  regard  to 
high-latitude  storm  swell,  and  (5)  occasional 
hurricane  winds  and  waves. 

Data  Collection  Methods 

Wave  and  current  data  were  collected  from 
the  instrument  array  shosm  in  Fig.  3.  Instru- 
ment positions  are  plotted  on  a bathymetric  pro- 
file of  the  fore-reef  shelf  that  illustrates  the 
extreme  irregularity  of  the  bottom — l.e.,  the 
spur  and  groove  morphology  oriented  across  the 
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Figure  ).  Bathvmetrlc  profile  .across  the  fore- 
reef shell  In  the  study  .area  adjacent  to  South 
Sound  (si  ‘‘Ig.  I).  Note  the  extreme  bottom 
toughness  resulting  from  cora 1 -covered  spurs  and 
Intervening  s.ind-f  loured  grooves.  Locations  of 
w.ive  and  current  sensors  are  plotted  on  the  shelf 
prof  lie. 

shelf,  plus  the  two  submarine  terraces  p'  -.itloned 
along  the  shelf.  Instruments  were  posit  ned  so 
that  the  modification  of  both  waves  and  currents 
could  be  assessed  as  they  impinged  on  the  shelf 
and  propagated  over  a surface  of  unusual  bottom 
roughness.  Tide  measurements  were  made  with  a 
capacitance  tide  gage  Installed  in  the  back-reef 
lagoon  adjacent  to  the  shelf  study  area. 

In  situ  continuously  recording,  bottom- 
mounted  current  meters  (Marine  Advisors  Q-16) 
were  used.  One  current  meter  was  deployed  at  the 
seaward  margin  of  the  shallow  fore-reef  terrace 
(=8  meters).  A second  current  meter  was  posi- 
tioned on  Cop  of  a coral  spur  at  the  shelf  edge 
(=21  meters),  where  unobstructed  on-shelf  cur- 
rents could  be  monitored.  Data  collection  was 
continuous  over  a 2-week  period. 

Current  meters  were  not  deployed  in  the  deep 
grooves  at  the  shelf  margin.  In  order  to  mea- 
sure the  hydrodynamic  activity  levels  in  this 
environment,  a dye  experiment  was  designed. 
Time-lapse  photographs  were  taken  as  dye  (Rhoda- 
raine  B)  was  diver  released  at  a depth  of  =33 
meters  on  the  groove  floor.  The  experiment  was 
conducted  during  a peak  in  Che  current  cycle  to 
assess  whether  the  grooves  were  active  or  pas- 
sive structures  with  regard  to  the  on-shelf  move- 
ment of  oceanic  water. 

Wave  data  were  collected  from  three  absolute 
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Figure  4.  Wave  spectra  (variance  density)  from 
wave  measurements  at  the  shelf  edge  (dashed 
line)  and  near  the  shallow  reef  crest  (dotted 
solid  line). 


pressure  sensors  buoyed  at  the  shelf  edge, 
mid-shelf,  and  mid-shallow  fore-reef  terrace 
positions.  The  output  from  each  sensor  was  cor- 
rected to  give  surface  measurements.  Pressure 
changes  caused  by  passing  waves  were  registered 
on  a boat-based  Brush  analog  recorder.  Sensor 
depth  was  read  before  each  measurement  by  employ- 
ing a low-pass  filter.  Data  collection  periods 
were  =20  min  at  each  sensor  site.  Multiple  read- 
ings were  taken.  Data  from  the  pressure  sensors 
were  used  to  define  wave  spectra  at  three  loca- 
tions on  the  shelf. 

Results 

Comparison  of  wave  data  collected  at  three 
points  on  the  fore-reef  shelf  of  Grand  Cayman 
Island  (Fig.  3)  Indicates  that  deepwater  wave 
characteristics  are  significantly  modified  by 
reef  morphology.  An  interesting  point  concerning 
these  modifications  is  that  changes  occur  over  a 
very  short  lateral  distance  (=0.4  km).  Figure  4 
illustrates  data  taken  from  the  seaward  (shelf 
edge)  and  landward  (near  the  shallow  reef  crest) 
wave  monitoring  stations.  In  this  figure,  wave- 


induced  pressure  changes  have  been  defined  in 
terms  of  wave  spectra  which  essentially  show  the 
variance  density  of  the  original  data.  The  two 
most  striking  features  of  this  comparison  are  (1) 
the  general  consistency  of  shape  between  the 
spectra  and  frequency  relationships  between  major 
peak  • ■’nd  (2)  the  overall  decrease  In  peak  ampli- 
tude.. or  variance  density  of  the  landward  as  com- 
pared to  the  seaward  spectra. 

The  dominant  peak  in  each  spectrum  is  at 
=0.13  cps,  or  a wave  period  of  =7.6  s,  which  is 
typical  of  the  area  and  appears  to  have  remained 
constant  between  the  two  monitoring  sites.  A 
decrease  In  energy  density  of  about  45%  exists 
throughout  the  frequency  range  of  the  spectrum 
between  the  seaward  and  the  landward  stations. 
Translated  into  wave  heights,  this  trend  indi- 
cates that  waves  are  reduced  in  height  by  about 
20%  as  deepwater  waves  Intersect  the  shelf  and 
translate  a distance  of  =0.4  km  across  it.  This 
wave  height  reduction  can  arise  from  a number  of 
combined  processes,  such  as  shoaling,  refraction, 
reflection  and  scattering,  and  frictional  attenu- 
ation. Because  of  the  complex  nature  of  fore- 
reef shelf  morphology,  the  relative  importance  of 
each  process  Is  difficult  to  quantify;  however, 
general  estimates  can  be  made.  Frictional  atten- 
uation and  scattering  of  wave  energy  depend  to 
some  extent  on  bottom  roughness.  For  a bottom 
roughness  amplitude  averaging  2 meters  (which  Is 
a very  conservative  estimate  for  the  Grand  Cayman 
shelf),  wave  scattering  (3)  and  the  bottom  fric- 
tion coefficient  (4)  would  be  about  10  times  that 
found  on  a sandy  shelf  of  equal  width.  This  esti- 
mate means  that  it  would  Cake  a sandy  shelf  4 km 
wide  to  produce  the  same  wave  height  reduction  as 
results  in  0.4  km  over  the  highly  Irregular  Grand 
Cayman  shelf.  As  Munk  and  Sargent  (5)  pointed 
out  with  regard  to  Pacific  atolls,  the  reefs  are 
molded  into  natural  breakwaters  consisting  of 
long  ridges  and  channels  that  efficiently  dissi- 
pate the  energy  of  incoming  waves.  Although  Munk 
and  Sargent  were  primarily  referring  to  shallow 
surge  channels  and  their  seaward  extensions,  the 
concept  is  valid  for  all  depths  where  waves  feel 
bottom  and  is  the  configuration  common  to  the 
entire  Grand  Cayman  shelf.  Wave  reflection  could 
be  significant  in  some  circumstances,  but  because 
of  the  extreme  complexity  of  the  shelf  morphology 
it  is  difficult  to  estimate.  Taking  the  seaward 
face  of  the  shallow  fore-reef  terrace  alone,  the 
reflection  coefficient  (4)  is  about  0.1  or  10%. 
Refraction  and  shoaling  can  also  result  in  reduced 
wave  heights.  For  the  example  given  in  Fig.  4 a 
reduction  of  about  10%  is  estimated;  however, 
roughness  of  the  fore-reef  shelf  may  cause  changes 
in  the  wave  phase  .speed.  Because  of  energy  losses 
resulting  from  percolation  and  water  movement  into 
the  reef  matrix  and  sediment,  this  process  cannot 
be  estimated  at  the  present  time.  Several  studies 
(5),  (2)  have  shown  that  the  wave  field  plays  a 
major  role  in  determining  reef  morphology.  From 
the  present  study  it  is  also  apparent  that  the 
reef  morphology  or  bottom  roughness  strongly 
affects  wave  processes.  Therefore,  variability 
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Figure*  5.  Time-series  plot  of  current  speed  ;ind  dlreriion  from  h.*th 
shallow  and  deep  fore-reef  shelf  current  meter  sl.it  Ions.  Note  the 
position  In  the  current  cycle  when  the  deep  coral  reef  grtmve  dve 
experiment  was  conducted. 


in  reef  morphology  Implies  a correspondingly 
strong  variability  in  the  rate  of  the  afore- 
mentioned wave  processes. 

Figure  5 illustrates  the  time-dependent 
behavior  of  currents  monitored  at  both  the  edge 
of  the  shelf  and  the  margin  of  the  shallow  fore- 
reef terrace  (Fig.  3),  Although  these  and  other 
records  from  the  Cayman  shelf  were  collected  In 
a region  strongly  Influenced  by  the  steady  trade 
winds,  currents  display  very  distinct  variations 
in  both  speed  and  direction.  Records  from  the 
deep  shelf  current  meter  station  clearly  show 
periodicities  in  current  magnitude  and  direction 


th.it  are  near  the  dlurn.il  tld.il  fre»jueruv.  Sh.il- 
low  fort‘-reef  terrace  data  stis  generally  illus- 
trate the  s.ime  h.isic  trend;  however,  lurrentn  are 
greatly  reduced  .tnd  more  direct  ion. il  ly  variable. 
Current  speeds  at  the  slielf  edge  iORvnonlv  wer»  in 
excess  of  SO  » m at  t l»e  peak  in  the  i urieni 
cycle,  wher«as  currents  on  t h«‘  shallow  slult 
rarely  exceeded  13  tm  s“*  and  generally  were  *7.S 
cm  8*  . Current  speeds  .it  tlie  de«'p  terrace  are 
distinctly  higher,  averaging  cm  s**  I'ver  ,i 

selected  6-day  period.  A (omparlson  <»f  current 
speeds  at  the  two  monitoring  sites  over  the  s.ime 
time  period  disclcies  «i  60-70**^  speed  ri'ductlon 
from  the  deep-shelf  station,  a distance  of  O.A 
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♦).  Srh**malii  vlt-w  of  tJyt*  expansion  in 
h«  t h pi. in  (A)  .ind  profile  (B)  views  as  inter- 
prrted  I rom  linu -lapse  pholographs  and  diver 
. rvai  ions . See  FIk.  b for  the  relationship 
hitwi(*n  t hi  dvi-  experinuMU  and  current  cycle 
iH  ^aiit"r«‘d  at  l lu-  ad)acint  di*ep  slielf  cur- 
r«-nt  R.i  ( «-r  s(  it  ion. 


c3.  [..irkri  V4  filial  and  lateral  frictional  forces 
!%••••  laiitl  with  the  shelf’s  reef  induced  extreme 
i>-<tt-*m  r'>u)thneHH  .ind  wall  roiiKhness,  which  are 
'hitili  responsihli'  for  tlie  remarkable  atji^etrua- 
t i -n  f the  turrenl  speed  over  su«  h a short 
• • t sfie  i t . 

lit  eldttliin  to  heiuK  (onsiderably  stronger, 
'fiiit  -‘H  the  deep  fore-reef  shelf  are  much 
• r Hindi  r«  I t tonal . West-  (on-shelf)  and 
.Ifthllv  'louthwest-  ( a 1 ong-sh«*  1 f ) setting  cur- 
r*ni»  I.  t .tiint  for  of  the  total  bottom  cur- 

leiitH  .il  tills  site.  Ah  can  be  seen  In  Fig.  5, 
till  dlreilloiial  traie  Is  i haracter  ized  by  long 
periods  ol  un 1 d 1 rei t 1 ona 1 flow  that  are  Inter- 
rupted by  short  Intervals  of  current  reversal 
tiioMpanled  bv  mlnlmums  In  the  speed  record. 
(iirrentH  on  the  shallow  shelf  are  generally  much 
•i»re  dl  ret  t lonal  ly  variable,  although  this  trend 
Is  not  espeil.illy  clear  in  the  record  selected 
for  Fig.  As  might  be  expected,  the  dominant 

shallow  I urrent  Is  to  the  west  (>bOZ).  A second- 
ary east  to  southeast  direction  accounts  fur 


^29%,  and  10%  of  the  time  the  current  flows  south, 
directly  off  the  shallow  reef  crest,  and  is  proba- 
bly related  to  tidally  induced  water  exchange  with 
the  back-reef  lagoon. 

A dye  experiment  was  conducted  in  a deep 
coral  reef  groove  in  ordei  to  determine  the  hydro- 
tlynamic  activity  in  these  distinct  shelf-edge  fea- 
tures. The  experiment  was  conducted  in  a groove 
adjacent  to  the  deep-shelf  current  meter  mooring 
site.  Time-lapse  photography  was  used  to  track 
the  dye  expansion.  Figure  6 schematically  repre- 
sents the  history  of  the  dye  expansion  over  a time 
period  of  105  s.  Photographs  taken  at  15-s  inter- 
vals from  the  top  of  the  adjacent  coral  spurs, 
some  20  meters  obliquely  above  the  injection  point 
(an  angle  of  *70®),  were  used  as  a data  base  for 
calculations  of  mean  advection  speed,  turbulence 
intensity,  and  a diffusion  coefficient. 

Plume  boundaries  were  traced  from  the  origi- 
nal time-lapse  photographs  and  used  to  quantify 
the  horizontal  diffusion.  Only  the  first  four 
exposures  (60-s)  were  used  to  quantify  plume 
expansion  because  of  perspective  problems  and 
source  deterioration.  Taylor  (6)  diffusion  theory 
was  used  to  analyze  the  dye  expansion  behavior. 
Details  of  application  of  this  theory  to  the  dye 
diffusion  in  a groove  is  given  by  Roberts  et  al. 
(7).  Similar  analyses  have  been  successfully 
applied  to  the  spreading  of  continuously  emitted 
oil  slicks  at  sea  (8). 

For  brief  diffusion  times  Taylor’s  (6)  rela- 
tion can  be  written  as 

dJy/dx  = (1) 

where  o is  the  cross-stream  standard  deviation  of 
particle  spread  (*  visible  outline  of  plume),  x is 
the  down-plume  distance  * Ut,  U is  the  constant 
ambient  speed  across  the  source,  measured  by 
tracking  the  leading  edge  of  tlje  dye  plume,  V*  is 
the  cross-stream  turbulent  speed,  and  the  angle 
bracket  is  the  averaging  operator.  Long  diffusion 
times  can  be  expressed  by 

dOy^/dx  - 2<V'2>1/2  e*/U  (2) 

wtiere  t* , Ihf  Lagrangian  scale  length,  commonly 
is  considered  a representative  eddjf  size.  Thus 
dOy/dx  for  short  distances  and  dOy^/dx  for  long 
distances  should  be  constants  (all  terms  on  the 
right  side  of  eqs.  1 and  2 are  known  to  be  approx- 
imately constant).  The  tangent  of  half  the  angle 
of  expansion  of  the  plume  (dOy/dx)  can  now  be  mea- 
sured from  the  photographs,  which  give  a turbu- 
lent Intensity  ’ 24  cm  s~'  from  cq.  I, 

as  U Is  already  known  from  movement  of  the  plume 
front  (=35  cm  s“*).  Average  values  of  the  rela- 
tive turbulent  Intensity,  <V'^>'/^/U,  from  both 
field  and  laboratory  studies  varies  between  0.05 
and  0.20.  Murray  (9)  reported  a value  as  high  as 
0.25  during  a hurricane.  An  extremely  high  value 
of  =0.7  was  obtained  from  this  study  and  appears 
to  be  the  result  of  current  and/or  wave  Inter- 
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WAVe  DOMMATfO 


CUlIfNT  OOMMAtID 


Figure  7.  Distribution  of  wave  and  current 
forces  across  the  fore-reef  shelf  calculated  for 
a vertical  surface  oriented  directly  into  the 
flow.  Basic  zonation  of  the  reef  is  shown  in 
relation  to  the  force  curves. 


actions  with  the  unusual  wall  roughness  of  the 
confining  coral  spurs.  Other  published  values 
are  from  situations  of  unconfined  flow. 


It  is  interesting  to  note  (Fig.  7)  that 
current-! nducc'd  forces  at  the  shelf  edge  are 
approximately  equal  to  wave-induced  forces  at  a 
depth  of  -3  meters  near  the  fringing  reef  crest. 
Crossing  of  the  wave  and  current  profiles  (Fig.  7) 
delineates  a position  that  separates  the  shallow 
wave-dominated  portion  of  the  shelf  from  the 
deeper  ctirrent-dominated  zones.  Sediments  have 
accumulated  in  abundance  at  this  site  and  appear 
to  be  relatively  stable,  forming  a mid-shelf  sedi- 
ment reservoir.  Also,  at  this  position  on  the 
shelf  the  coral  community  changes  from  a shallow, 
wave- resistant  Acropora  palmata  dominated  assem- 
blage to  a deeper  group  characterized  by  the 
intricately  branched  Acropora  cervicornis  (Table 
1).  Obviously,  the  manner  in  which  the  force  is 
applied  will  help  determine  the  response  charac- 
teristics in  the  coral  community.  Periodic  oscil- 
latory perturbations  by  waves,  for  example,  may 
result  in  quite  different  growth  form  responses 
from  those  produced  by  more  steady,  long-term  cur- 
rent oscillations.  These  detailed  interactions 
are,  however,  beyond  the  scope  of  this  paper. 

Less  detailed  form-process  relationships  are  sum- 
marized in  Table  1. 


A diffusion  coefficient,  can  be 

ex'>ressi‘d  as 

* L/2  (dOy2/dx)  - <v'2>l/2  (3) 

For  the  groove  experiment  a value  of  2.4  x 10^ 
cm'  was  calculated.  Tfiis  value  is  an  ordi*r 

of  rai>;n  i t mil'  grt'.itir  tlMn  might  be  I'xpfctiHl  from 
previous  studies,  summarized  In  Okubo's  (10)  dif- 
fusion diagram,  if  a 12-meter  groove  spacing  is 
used  as  a diffusion  scale.  Both  turbulence  and 
turbulence  Intensity  appear  to  be  considerably 
stronger  in  tiie  deep  coral  reef  groove  than  any 
normal  i tianne I i zed  or  open  ocean  conditions  would 
suggest . 

OincJ  ud Ing  Kemarks 

Results  of  physical  process  studies  on  a 
n.irrow  fore-reef  shelf  are  summarized  in  Kig.  7 
and  Table  1 . Wave-  and  current-dominated  parts 
of  the  shelf  are  defined  In  fig.  7,  where  a com- 
mon measure  of  their  force  across  the  reef  pro- 
file is  plotted.  Representative  current  speeds, 
wave  I haracterist  Ics,  and  bathymetry  from  field 
data  were  used  In  the  force,  F,  calculations. 

Tile  common  quadratic  stress  law,  F ” 1/2  pACdU^ , 
was  used,  where  p Is  the  density  of  seawater, 

A is  .in  exposed  cross-sectional  area  (taken  as 
1 rm^  on  a vertical  plane),  Cj  Is  the  drag  coef- 
ficient (taken  as  1.95  (11)),  and  I!  is  velocity 
(cm  s“*).  A representative  current  speed  of 
50  cm  s'*  (includes  both  wind  and  tidal  currents) 
was  decreased  linearly  across  the  shelf  following 
measured  velocities  at  the  shallow  shelf  current 
meter  station  and  the  fringing  reef  crest.  Wave 
force  calculations  were  made  for  typical  trade 
wind  generated  waves  (T  ” 6 s,  H • 75  cm)  by 
estimating  maximum  orbital  speeds  from  linear 
wave  theory. 


In  summary,  the  following  statements  can  be 
made  .'is  a result  of  the  physical  process  study  of 
Grand  Cayman's  fore-reef  shelf: 

(1)  A feedback  relationship  exists  on  the  fore- 
reef shelf  such  that  reef  morphology  and  composi- 
tion are  somewhat  dependent  on  the  combinations, 
intensities,  and  spatial-temporal  variations  of 
physical  processes  while  at  the  same  time  the 
rates  of  these  processes  are  distinctly  Influ- 
enced by  reef  morphology  and  Its  associated  bot- 
tom roughness. 

(2)  An  Interaction  between  deepwater  waves  and 
shelf  morphology  results  in  a 20Z  decrease  In  wave 
height  over  an  ~0.4-km  width  of  shelf.  This 
attenuation  rate  Is  about  10  times  that  expected 
for  a sandy  shelf. 

(3)  High-velocity  (>50  cm  s“'),  rather  unidirec- 
tional currents  that  have  a diurnal  tidal  fre- 
quency were  found  to  dominate  the  deep  fore-reef 
shelf.  Shallow  shelf  currents  were  found  to  be 
weak  and  directionally  variable.  A current  speed 
attenuation  of  fiO-7031  from  the  shelf  edge  to  the 
shallow  fore-reef  shelf  is  .ittributed  to  lateral 
and  Vertical  frictional  attenuation  associated 
with  the  unusual  bottom  roughness. 

(A)  A dye  experiment  conducted  at  the  peak  of  the 
tidal  current  cycle  In  a deep  shelf-edge  groove 
illustrated  that  on-shelf  flow  is  directed  up- 
groove.  Remarkably  high  levels  of  turbulence 
(turbulence  Intensity  ~23  cm  s"',  diffusion 
coefficient  *2.4  x 10^  cm^  s"')  characterize  this 
channelized  flow. 

(5)  Calculations  Illustrate  the  greater  relative 
Importance  of  current  forces  over  wave  forces  on 
the  deep  fore-reef  shelf.  Current  force  on  the 
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Table  1 


Major  Form-Process  Relationships 


Wave  Dominated 


Parameters  Near-Reef  Crest  Shallow  Terrace  Margin 


Current  Dominated 


Deep  Terrace  Shelf-Fdge  Reef 


Zonat  Ion 

Acropora  palmata 

Acropora  palmata 

Acropora  cervicornis 

Montast  rea 

Mlllepora  alclcornls 

Agaric  la 

Agar  ic ia 

Agar  Ida 

Growt  h 
Forms 

Thickly  branched 

Bladed 

Encrusting 

Branched 

Bladed 

Delicately  branched 
Massive 

Massive 
Platel ike 

Coral 

Cover 

Moderate 

Moderate 

Abundant 

Abundant 

Bottom 

Roughness 

<2  meters 

<5  meters 

<4  meters 

<30  meters 

Shelf 

Morphology 

Limestone  pavement , 
low-relief  spurs  and 
grooves 

Moderate-rel ief 
spurs  and  grooves 

Moderate-low-relief 
spurs  and  grooves 

High-relief 
spurs  and  grooves 

Sediment 

Sparse 

Thin  veneer  in 
grooves 

Extensive  impounded 
sediment  plains 

Off-shelf  mass  move- 
ment down  grooves 

Waves 

Breaking,  high  tur- 
bulence, high  wave 
force 

Moderate  wave  forces, 
20%  height  reduction 
from  shelf  edge 

Moderate-low  wave 
force,  small-scale 
turbulence 

Low  wave  force, 
small-scale  turbu- 
lence 

Currents 

Weak,  multi- 
directional flow 

Mul t idirectional 
flow,  60-70%  speed 
reduction  from  shelf 

Moderate  on-shelf 
rectilinear  tidal 
currents 

Strong  on-shel f 
rectilinear  tidal 
currents  (>50  cm  s"^ 

reef  at  the  shelf  edge  is  approximately  equiva- 
lent to  wave  forces  on  the  shallow  shelf  at  a 
depth  of  =3  meters. 

(6)  Position  of  the  boundary  between  wave-domi- 
nated and  current-dominated  zones  on  the  fore- 
reef shelf,  as  defined  by  the  crossing  of  wave 
and  current  force  curves,  corresponds  to  the 
position  on  the  shelf  where  the  coral  community 
undergoes  a distinct  compositional  change.  The 
wave-dominated  zone  is  characterized  hy  thickly 
branched,  bladed,  and  encrusting  growth  forms 
and  is  dominated  by  the  wave-adaptable  coral 
Acropora  palmata.  Delicately  branched,  massive, 
and  platellke  growth  forms  are  common  in  the 
current-dominated  zone.  Acropora  cervlcornls  and 
Montastrea  represent  this  coral  community.  This 
latter  zone,  which  is  subject  to  minimal  wave 
forces  yet  experiences  considerable  current  force 
and  associated  high  levels  of  turbulence,  dis- 
plays the  most  thriving  coral  communities  on  the 
fore-reef  shelf. 
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u f^r  **• 

Wave  and  current  measurements  Wtre  made  across  a rough-bottomed  fore-reef  shelf 
along  the  south  coast  of  Grand  Cayi^n  Island.  Wave  heights  attenuated  20%  and  current 
spec  as  3C'  from  the  shelf  margin  ('^22-meter  depth)  to  a depth  of  approximately  8 meters 
I ’.istance  of  -0.4  km.  Strong,  rectilinear  tidal  currents  (*b0  cm  dominated  the 

deep  shelf  margin,  but  weak,  directionally  variable  currents  were  characteristic  of 
the  shallow  shelf.  Attenuation  of  wave  heights  and  current  speeds  across  the  shelf  is 
attributed  to  frictional  effects  resulting  from  strong  interactions  with  the  unique 
bo  ndaiy  conditions  of  the  extremely  rough  bottom.  (U) 

a 

A dye  experiment  illustrated  that  strong  (=35  cm  s“^)  on-shelf  flow  is  directed 
up  thi  deep  coral  reef  grooves  at  the  shelf  margin.  High  levels  of  turbulence  (turbu- 
lence intensity  =23  cm  s~l,  diffusion  coefficient = 2.4  x 10^  s“l)  characterize  this 
.■'ocess.  (i;) 

Wave  forr e- dominated  versus  current  force-dominated  portions  of  the  fore-reef 
«h.-lf  «ere  d lined  from  ^ situ  measurements.  Variations  in  organic  communities, 

'iiovth  frrn..  , an  I reef  structure  are  consistent  with  these  zones.  (U) 
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